Abstract. Programmed cell death 4 (PDCD4), as a novel tumor suppressor, serves important roles in the pathogenesis of tumors. The expression of PDCD4 is downregulated or lost in various human tumors. However, the expression of PDCD4 in endometrial cancer and the clinicopathological significance remain unclear. The aim of the present study was to investigate the expression of PDCD4 in endometrioid endometrial carcinoma (EEC) and the association with clinicopathological parameters. The expression of PDCD4 in EEC tissues and control endometrium was detected by reverse transcription-quantitative polymerase chain reaction, western blotting and immunohistochemistry. PDCD4 expression was also investigated in control endometrial glandular epithelial cells and the endometrial cancer KLE cell line by immunocytochemistry, and the association between PDCD4 expression and clinicopathological parameters of patients with EEC was analyzed. The results demonstrated that PDCD4-positive staining was mainly located in the cytoplasm of endometrial glandular epithelial cells and EEC cells. The staining index of PDCD4 in the proliferative phase was significantly increased compared with that in the secretory phase of control endometrium (P<0.001). There was significantly decreased PDCD4 expression in grade (G) 2/3 EEC tissues compared with the proliferative phase of control endometrium (P<0.001). PDCD4 expression was significantly associated with tumor grade. The PDCD4 levels in G1 EEC tissues were higher compared with the G2/3 EEC group (P<0.01). The results indicated that PDCD4 is associated with the histological grade of EEC, and that PDCD4 may be a valuable indicator of the degree of tumor malignancy in patients with EEC.
Introduction
Endometrial cancer (EC) is the fourth most common cancer in females, behind breast, colorectal and lung cancer (1) . EC can be classified into type I and type II based on etiology, clinical behavior and pathological characteristics (2) . Type I is estrogen-dependent endometrioid endometrial carcinoma (EEC), while type II is non-EEC (2) . EECs account for 70-80% of ECs, and are associated with unopposed estrogen stimulation (2) . EC is often diagnosed in its early stages due to early clinical signs, including abnormal uterine bleeding and vaginal discharge (3) . For patients in early stage EC, surgery is the best choice of treatment and the 5-year survival rate is ~96% (3) . However, a number of patients with advanced stage EC develop abdominal or pelvic pain, abdominal distension, early satiety or change in bowel or bladder function, and the survival rate markedly decreases (3) . Although these patients in advanced stages are traditionally treated using chemotherapy, radiotherapy and hormonal therapy, there are still numerous patients who are less sensitive to present therapy. Therefore, the identification of novel molecular biomarkers may be helpful for the early diagnosis and treatment of patients with EC.
Programmed cell death 4 (PDCD4) was first identified as a gene upregulated following initiation of apoptosis (4) . Subsequently, it has been identified as a novel tumor suppressor gene that performs an important role in inhibiting tumorigenesis and tumor progression at the transcriptional and translational levels (5, 6) . Several studies have demonstrated that PDCD4 affects the transcription of specific genes by modulating the activities of certain transcription factors, including c-Jun (7), Sp1 and p53 (8, 9) . PDCD4 suppresses protein translation in two different ways: The eIF4A-dependent mechanism (PDCD4 interacts with the eukaryotic translation initiation factor eIF4A to inhibit the RNA helicase activity of eIF4A) (10) , and the eIF4A-independent mechanism [PDCD4 directly interacts with poly (A)-binding protein through the RNA binding domains and regulates protein translation] (11). PDCD4 is expressed ubiquitously in normal tissues, including liver (12), kidney and brain (13, 14) , but downregulated or lost in various human tumors, including lung (15), colorectal (16), breast and ovarian cancers (17, 18) . However, the expression of PDCD4 in patients with EEC and the clinicopathological significance remain unclear. The present study aimed to detect the expression status of PDCD4 in EEC, the most common type of EC (2), and analyze the association between PDCD4 expression and clinicopathological parameters of patients with EEC.
Materials and methods
Samples collection. A total of 15 frozen, fresh EEC tissues and 52 formalin-fixed, paraffin-embedded EEC specimens, as well as 18 frozen, fresh control endometrium and 70 formalin-fixed, paraffin-embedded control specimens (including in the 36 proliferative phase and 34 from the secretory phase) were obtained from The Department of Gynecology and Obstetrics, Jinan Central Hospital affiliated to Shandong University (Shandong, China) between February 2012 and December 2015. A total of 67 patients with EEC, with mean age of 56.2, were confirmed by histological examination of biopsies obtained during surgery. None of the patients had received neoadjuvant chemotherapy or hormone treatment prior to the operation. Endometrial tissues were categorized as proliferative or secretory according to the patient's menstrual history, which was confirmed by histopathological examination. All slides were evaluated by two gynecological pathologists to confirm the histological type, International Federation of Gynecology and Obstetrics (FIGO) stage, the histological grade, the depth of myometrial invasion and the estrogen receptor (ER) and progesterone receptor (PR) expression status. FIGO stage and histological grade were evaluated as described in previous reports (19, 20) . The ER and PR staining was performed and evaluated as described previously (21) . The above clinicopathological parameters of patients with EEC were obtained from Jinan Central Hospital affiliated to Shandong University and outlined in Table I . The present study was approved by the Institutional Ethics Committee of Shandong University and all patients provided written, informed consent.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
TRIzol reagent (Tiangen Biotech Co., Ltd., Beijing, China) was used to isolate total RNA of frozen fresh EEC tissues and control endometrium. RNA was reverse transcribed to cDNA with the FastQuant RT kit (Tiangen Biotech Co., Ltd.) according to the manufacturer's protocol. RT-qPCR was used to detect the mRNA expression of PDCD4 in reaction mixture containing cDNA, UltraSYBR Mixture (CWBIO, Beijing, China) and specific primers using a Bio-Rad CFX96 real-time PCR instrument (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The PDCD4 primers were: forward, 5'-ACA GGT GTA TGA TGT GGA GGA-3' and reverse, 5'-TTC TCA AAT GCC AGT CTT TCA TCC AA-3'. GAPDH was used as an internal control. The specific primers for GAPDH were: forward, 5'-AAC GGA TTT GGT CGT ATT GGG-3' and reverse, 5'-CCT GGA AGA TGG TGA TGG GAT-3'. The reaction mixture was denatured at 95˚C for 10 min, followed by 39 cycles of 95˚C for 15 sec, 60˚C for 1 min and 65˚C for 5 sec to stop the reaction. Each sample was performed in triplicate and the 2 -ΔΔCq method (22) 
Immunohistochemistry (IHC). The 4-µm sections from 4%
formalin-fixed, paraffin-embedded EEC specimens and control endometrium were deparaffinized and rehydrated with an ethanol gradient (100, 100, 95, 85, 70 and 60%), and then antigen retrieval was performed by microwave heating. The slides were blocked using 3% H 2 O 2 , and 10% normal goat serum (Beijing Dingguo Changsheng Biotechology Co., Ltd., Beijing, China) for 15 min at 37˚C was used to block non-specific binding. The sections were then incubated with a rabbit anti-human PDCD4 monoclonal antibody (dilution, 1:100; cat. no., 9535; Cell Signaling Technology, Inc.) overnight in a wet chamber at 4˚C. The slides were incubated for 30 min at 37˚C with HRP-conjugated goat anti-rabbit IgG (dilution, 1:100; cat. no., ZB-2301; ZSJQB Co., Ltd.), and visualized using a diaminobenzidine (DAB) kit (ZSJQB Co., Ltd.) according to the manufacturer's protocol, followed by counterstaining with hematoxylin.
The results of IHC staining were scored by evaluating the extent and intensity of staining in 5 fields of view using light microscopy (Olympus Co. Tokyo, Japan) at x100, x200 and x400 magnification, using a previously described immunoreactive scoring method (23) . The staining intensity was divided into four grades: -, score 0; +, score 1; ++, score 2; and +++, score 3. The positive expression area was also classified into four categories: -, <1%, score 0; +, 1-33%, score 1; ++, 34-66%, score 2; and +++, 67-100%, score 3. The sum of intensity and area scores was used as the final PDCD4 staining score. The expression of PDCD4 was defined as follows: No expression, total score 0; weak expression, total score 1 and 2; moderate expression, total score 3 and 4; strong expression, total score 5 and 6. All slides were scored by two independent pathologists who were blind to the clinical data of patients. When there were discrepancies between two pathologists, the mean score was used.
Isolation and culture of endometrial glandular epithelial and stromal cells. Methods for the isolation and culture of endometrial cells were based on methods in previously published reports (24) . Briefly, secretory phase control endometrium samples were extracted from the previously described patients. The samples were placed immediately in a mixture of Dulbecco's modified Eagle's medium/F12 (1:1) supplemented with 100 U/ml of penicillin and 100 U/ml of streptomycin (all HyClone; GE Healthcare Life Sciences, Logan, UT, USA). The tissues were then minced into small pieces and digested with 0.25% collagenase type IA (Sigma-Aldrich; Merck KgaA, Darmstadt, Germany) in an agitating water bath for 50 min at 37˚C. The pre-warmed DMEM/F12 medium containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) was used to stop the collagenase activity. The cell suspension was firstly filtered through a 154-mm monofilament nylon mesh and then a 38.5-mm monofilament nylon mesh. To obtain stromal cells, the cell suspension was collected and centrifuged at 800 x g for 10 min at room temperature, the pellet was resuspended in medium and incubated in 24-well plates with coverslips for 2 h at 37˚C in 95% air and 5% CO 2 . The medium was then replaced with fresh medium in order to purify the stromal cells. To obtain glandular epithelial cells, the 38.5-mm monofilament was washed thoroughly upside down with medium. The medium was collected and centrifuged at 800 x g for 10 min at room temperature, the pellet was resuspended in medium and incubated in 24-well plates with coverslips at 37˚C in 5% CO 2 . The cultured endometrial glandular epithelial cells and stromal cells were characterized by immunocytochemistry (ICC) with mouse anti-human vimentin and cytokeratin antibodies (ZSJQB Co., Ltd. Beijing, China).
ICC. KLE cells (G3 endometrioid endometrial carcinoma cells) were purchased from China Center for Type Culture Collection (Wuhan, China). The isolated glandular epithelial, stromal and KLE cells were cultured at 37˚C overnight in 24-well plates with coverslips and used for the following ICC analysis. The cells on coverslips were fixed with 4% paraformaldehyde for 30 min at room temperature, and then blocked with 0.3% H 2 O 2 for 10 min at room temperature. The coverslips Table I . Associations of PDCD4 expression with clinicopathological parameters in endometrioid endometrial carcinoma. 
Results

Expression of PDCD4 mRNA and protein in the EEC samples and control endometrium detected by RT-qPCR and western blotting.
To evaluate the expression levels of PDCD4 in EEC tissues, frozen fresh EEC samples and control endometrium were firstly collected, and PDCD4 mRNA expression was detected by RT-qPCR. As shown in Fig. 1 , there was no significant difference in PDCD4 mRNA between the control and EEC group (P=0.88). The expression of PDCD4 protein in these samples was then detected by western blotting. The data demonstrated that, in the patients with EEC, PDCD4 protein expression remained the same as the control (P=0.10; Fig. 2) , which is consistent with the findings of RT-qPCR.
Expression of PDCD4 protein in the EEC samples and control endometrium detected by IHC staining.
To confirm the location and levels of PDCD4 protein in the EEC tissues and control endometrium, formalin-fixed, paraffin-embedded EEC samples and control endometrium were recruited, and the expression of PDCD4 was detected by IHC.
The results showed that PDCD4 positive staining was mainly located in the cytoplasm of endometrial glandular epithelial cells, but no immunoreactivity of PDCD4 was observed in endometrial stromal cells (Fig. 3A and B) . To explore whether the expression of PDCD4 is affected by ovarian steroid, differences in PDCD4 expression were compared between proliferative and secretory phase control endometrium, and it was found that the staining index of PDCD4 in the proliferative phase (n=36) was significantly increased compared with that in the secretory phase (n=34) of control endometrium (P<0.001; Fig. 3A and B) .
In the EEC samples, PDCD4 staining was also mainly present in the cytoplasm of EEC cells (Fig. 3C-E) . Furthermore, there was significantly decreased PDCD4 expression in grade (G) 2/3 EEC tissues compared with the proliferative phase of control endometrium (P<0.001; Fig. 4) . Additionally, the PDCD4 expression in G1 EEC samples was increased compared with the secretory phase of control endometrium. However, no statistically significant difference in PDCD4 staining was observed between the proliferative phase of control endometrium and G1 EEC tissues, as well as between the secretory phase of control endometrium and G2/3 EEC tissues (Fig. 4) . These results suggested that the expression of PDCD4 could vary in a cyclic fashion in control endometrium and PDCD4 protein was downregulated in the G2/3 EEC tissues.
Expression of PDCD4 protein in control glandular epithelial cells and KLE cells detected by ICC staining.
To verify the location of the PDCD4 protein and differences in PDCD4 expression between the control glandular epithelial cells and endometrial carcinomas cells, endometrial glandular epithelial cells and stromal cells were isolated and cultured. As shown in Fig. 5A and B, glandular epithelial cells and stromal cells were respectively characterized by ICC with mouse anti-human cytokeratin and vimentin antibodies. In addition, the results from PDCD4 staining showed that PDCD4 immunostaining in control glandular epithelial and KLE cells was mostly localized in the cytoplasm (Fig. 5C and D) . KLE cells exhibited weak PDCD4 staining, which was similar to the secretory phase of control endometrial glandular epithelial cells.
Association analysis between PDCD4 expression in EEC samples and clinicopathological parameters of patients.
The association between PDCD4 protein expression detected by IHC and clinicopathological parameters was analyzed. No significant associations were observed between PDCD4 expression and age, the depth of myometrial invasion, FIGO Figure 4 . Statistical analysis of PDCD4 expression in 52 EEC tissues and 70 control endometrial tissues. In the control group, the staining index of PDCD4 in the proliferative phase (n=36) was significantly increased compared with that in the secretory phase (n=34). The immunostaining of PDCD4 in G2/3 EEC tissues was lower than that in the proliferative phase of control endometrium. Compared with G1 EEC tissues, PDCD4 expression was downregulated in G2/3 EEC tissues or the secretory phase of control endometrium. ** P<0.01, *** P<0.001 vs. control. PDCD4, programmed cell death 4; EEC, endometrioid endometrial carcinomas. stage, ER or PR. However, PDCD4 expression was significantly associated with the tumor grade; the PDCD4 level in G1 EEC tissues was higher than that in the G2/3 EEC group (P<0.01; Fig. 4 ; Table I ), which suggests that PDCD4 expression may be associated with the malignant progression of patients with EEC.
Discussion
In the majority of human cancers, including colorectal (25) , gastric (26) , glioma and ovarian cancers (18, 27) , PDCD4 mRNA and protein expression is lost or reduced compared with normal tissues. However, in lung squamous cell carcinoma samples, PDCD4 protein and mRNA level alterations do not correlate; the mRNA is low but the protein is unchanged or even upregulated (28) . In addition, PDCD4 protein was also found to be highly expressed in bladder and breast carcinoma compared with the corresponding normal tissues (17, 29) . These data demonstrated that PDCD4 expression levels are varied in different tissues, which indicates that PDCD4 has tissue-specific roles. In the present study, it was observed that PDCD4 protein expression in EEC tissues remain the same as the control. The expression of PDCD4 mRNA in EEC samples was slightly increased compared with the control group, however no significant difference was observed. Torres et al (30) evaluated the expression of PDCD4 in 20 endometrial cancer and 10 normal endometrium samples by qPCR, and the results showed that there were no significant differences in the mRNA expression level of PDCD4 between endometrial cancer and control groups. However, due to the small number of fresh frozen samples, whether the expression of PDCD4 mRNA and protein in EEC tissues was similar to that in the control endometrium remains unclear.
In the present study, 70 formalin-fixed, paraffin-embedded control specimens (including 36 proliferative and 34 secretary phase of endometrium) and 52 EEC samples were collected. The expression of PDCD4 in normal endometrium was detected by IHC, and the staining index of PDCD4 in the proliferative phase was found to be significantly higher than that in the secretory phase, which suggests the expression of PDCD4 could vary in a cyclic fashion. It has been reported that the expression of some certain proteins is different in the proliferative phase or the secretory phase of normal endometrium (31, 32) . Chen et al (31) found that the staining index of epithelial Musashi-1 in the proliferative phase endometrium was significantly increased compared with the secretory phase endometrium. In addition, COX-2 expression suffers variations during the menstrual cycle in response to the fluctuating levels of estrogen and progesterone in the normal cycling endometrium (32) . Estrogen was found to be a potent stimuli of COX-2 expression, whereas progesterone may have the opposite effect, diminishing the expression of COX-2 in the glandular epithelium during the secretory phase (32, 33) . These data suggested that the expression of PDCD4 may also be affected by the fluctuating levels of estrogen and progesterone.
The expression status of PDCD4 in EEC tissues was investigated by IHC, and the association between PDCD4 expression and clinicopathological parameters was analyzed. The present results indicated PDCD4 expression in G2/3 EEC was decreased compared with the proliferative phase of control endometrium. However, no marked difference was observed between G2/3 EEC and the secretory phase control endometrium. ICC results also confirmed that PDCD4 staining in the KLE cells (high grade endometrial adenocarcinoma cells) expressed similar weak PDCD4 protein compared with the secretory phase of control endometrial glandular epithelial cells. A χ 2 test showed that the level of PDCD4 had no significant association with age, the depth of myometrial invasion, tumor stage, ER and PR, while PDCD4 expression was associated with the histological grade of tumor. The level of PDCD4 in G1 EEC group was higher compared with G2/3 EEC group. Similarly, in ovarian cancer (34) , renal cell cancer (13) and pancreatic cancer (35) , PDCD4 expression was significantly decreased in G2/3 cancers compared with the G1 cancers. However, Gao et al found that the loss of PDCD4 in gliomas had no significant association with tumor grade or histological type (27) . Therefore, in certain types of cancer, including EEC, PDCD4 expression decreases with the decline of differentiation degree, which suggests downregulation of PDCD4 may serve an important role in de-differentiation and progression of certain cancers, and PDCD4 may be an indicator of tumor grade in specific cancers. In addition, PDCD4 protein expression in the proliferative phase of control endometrium and G1 EEC tissues was increased compared with the secretory phase of control endometrium and G2/3 EEC samples, which may be why no significant difference was observed between control endometrium and EEC tissues detected by RT-qPCR and western blotting.
To confirm the subcellular localization of PDCD4, PDCD4 expression sites were observed in control endometrial glandular epithelial and EEC cells detected by IHC and ICC. Notably, PDCD4 positive staining mainly existed in the cytoplasm of these cells, while no evident staining was observed in the nucleus. The present results are consistent with the study by Zhang et al (36) , which identified that PDCD4 protein was localized in the cytoplasm of adjacent non-cancerous hepatocytes and hepatocellular carcinoma cells. However, Chen et al (15) reported that PDCD4 staining was localized in the nuclei and cytoplasm of lung cancer cells. These discrepancies may be due to the fact that PDCD4 could shuttle between nucleus and cytoplasm (37) . It has been reported that a nuclear translocation of PDCD4 is controlled by protein kinase B/Akt-mediated PDCD4 phosphorylation at Ser67 and Ser457 (38) . Another explanation for different subcellular localization may be a cell-type specific action of PDCD4.
In conclusion, the present study demonstrated that PDCD4 protein expression was downregulated in G2/3 EEC compared with the proliferative phase of normal endometrium and G1 of EEC. These results indicated that PDCD4 serves an important role in determining the tumor grade of EEC. With respect to these findings, PDCD4 may be a valuable indicator of the degree of tumor malignancy in patients with EEC.
